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INTR~DUCTION
In many developing countries like Nigeria, coastal shrimp, trawling is new and is carried out using
wooden planked fishing boat powered by 25 or 40 HP outboard engine. The artisanal beam trawl
shrimp fisheries targets white shrimps, Nematopalaenton hastatus. It is on open access fishery with
dally operations and exploits estuarine and nearshore sea within one to two nautical miles from
shoreline where their technology could permit. These habitats are reserved for small-scale fisheries
exploitation by Nigerian fisheries law and regulations and it form the nursery ground Ior juveniles of
lin and shell fishes. Shrimp beam trawl is an improvised stow net and traditionally contained
configured small diamond shaped mesh size of lOmm in the codend (Ambrose and Williams 2003)
and arc not particularly selective fishing gears. In addition to the targeted shrimps, they often retain
non-targeted organisms, collectively termed "by-catch" (Saila), 1983). This by-catch consists of a
diverse assemblage of 25 species of juvenile fishes with a total length range of 4 - 30cm (Ambrose, et
al.. 2005). In 1994, by-catch from shrimp trawls was 11.2 million tons worldwide (Alverson, cr al.,
19(4). The mortality of large quantity of juveniles of commercially important species is of major
concerns, because it may deleteriously affect the recruitment and biomass of stocks targeted in other
Nigerian inshore fisheries and in the neighbouring coastal countries. The regulation of inter-specific
selecti vrty of trawls to manage the 25 species of fishes as well as the two ecological fragile habitats
trawled, will help to optimize yield and maintain sustainable shrimp fishery. Investigation that
assessed various modi lications to traditional trawling gears and practices that minimize the catches of
unwanted individuals was therefore carried out.
Many recent efforts to reduce by-catch fr0111shrimp trawls has concentrated on modifications
that incorporate by-catch reducing devices (BROs)(Kcndall 1990, lsakscn.er al.1992;Brotldhurst and
Kennelly 1994; Rulifson.er al.. 19(2). Sometimes the I:HlD's have not been adopted by commercial
fisher men (Kendall 1990) because of their size and complex design (Mounsey.er al,. 1995), failure to
maintain shrimp catches at the same levels as traditional trawls (Rulifson.ez al.. J 992). Considering
the fact that fishing unit of this fishery IS small and crude, the lise of a large and solid grid may be
difficult to handle during net shooting and hauling and may even increase the drag of the trawl, hence,
its acceptance may not be endorsed by most artisanal fishers despite its efficiency in total by-catch
reduction reported in NSW, Australia (Broadhurst,et a1,.1997) and in Berent sea, Norway (lsaksen.er
al..19(2). Still in muddy shrimping ground, like off the Niger Delta region of Nigeria, soft-flexible
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RESULTS
Compared with the conventional codend, the square mesh codend significantly reduced the by-catch
of juvenile fishes up to 39.35% (T. test, p< 0.05: 0.01) With no significant loss (2.9%) in the quantity
MATERIALS ANDMETIIODS
The study was carried out from June-September 2004 by two men fishing crew with a wooden
planked canoe of length overall !-I.Sm, powered by 25 HP nuthllanll'lIgillc. Ncar shore Atlantic Ocean
with dept ranging from IO-20m off Asoroko, South West Nigeria coast (Latitude 6°N to 6'- 30 'N and
longitude 3° E to 5° E) was trawled. l'he beam trawl net used IS an improvised sluw net rigged
effectively for towing. vertical mouth lift, horizontal mouth spread and negative buoyancy. Detailed
design and rigging of stow net to bestow for towing is given by Ambrose and Wilhams (2003). The
codends employed for the study measured 4S4 meshes from anterior to postenor tip, 256 meshes in
circumference and were constructed from IOmm mesh size netting with a thickness ofR.IS5 tex. The
net has 7 segments Joined with a take up ratio of 0.5. Mouth re-enforced panel is thick (R 470 tex) and
mesh size of 38nm1 to withstand towing stress from the warp and hi idles.Two codend designs were
compared; the conventional codend was designed similar to fisher's net as described above. The
second codend termed "square mesh codend' have similar design specification with the conventional
codend. It was modified by strategically inserting panel of square mesh constructed by turning
diamond mesh 90 degrees in the top of the anterior section of codcnd. TIns was to make the mesh stay
more open durmg the capture process, thus allowing fishes to escape. The square mesh has a
specification of PC: R3400 Tex and bar length of 22mm. The rectangular shaped panel has 54 bars
along the length, i.e. from anterior towards posterior codend and a breadth bar of 18 (Fig. 1). The two
codend were compared against each other in independent paired trials, that is in separate two hours
tows by two adjacent boats fishmg at the same time (Thorstemsson,1992: Iligh.er al.,1969) on an
established shnrnping grounds. Over Iour months, a total or 30 replicate tows of each paired
comparison were completed.
After each tow in each paired experiment. the two codends were emptied into the mid ship
deck of the canoe. Onboard sorting of fishes from shnrnps started towards shores and was completer!
upon landing at shore. All organisms were sorted according to species and families. 1he following
data were collected from each landing;(l) The total weight ofshnmps, (2)the total weight of by-catch
in kilogram, (3) The weight, number and sizes of commercially important fin and shellfishes species
were taken using weighing balance and measuring board. Several commercially important by-catch
species were caught in sufficient qualities to allow meaningful comparisons, These were; Pentanemus
quinquurius, Galeoides decadactylus.Pielongatus P.sellega/ellses, P.IYPUS,Cynoglossus senegalensis,
Drapane africana, Selene dorsalis, Chloroscombrus chrysuru, Lutjnus dcntotus. Anus ltiscutatus,
Pomadasys jubelini, Trichiurus lapturus , Carchahinus brachvrus . Callinectes amnicola and Ilisha
africana. Catch data from 30 replicate landings for each of paired comparison were pooled for
analysis. The total weights of by-catch species from buth conventional ami modified codends were
compared. The hypothesis that weight/numbers of landings (shrunps. total by-catch species and
commercially Important by-catch species) from conventional and square mesh codends does not differ
were tested using one tailed parr l-test.
separator panels may be easier to deploy but may easily be clogged by bottom sediments and debris
thereby reducing it;; durability and efficiency. At the moment in Nigena.there are no government
regulations controlling the fishery, by-catch is legally allowed, the use ofDRD's that separate fish by-
catch from target shnmps by employing behavioral differences between shrimps and fish may be field
tested and recommended to partially reduce the smallest sizes of by-catch to allow the contmuation of
by-catch livelihood trades. One such modificanons to trawls which In addition IS simple to install and
handle at sea and has been successful throughout the world in reducmg by-catches while retaining the
target catch involves the use of square mesh panels in codends (Broadhurst and Kenelly 1997;
Broadhurst, et al •. 1996; 1999; Briggs, 1992; Thorsteinsson.1992). The goals of this study were to
Investigate the effectiveness of square mesh panel strategically located at top of anterior codend under
normal commercial operations U1 reducmg unwanted by-catch and maintaining catches of target
shrimps.
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1\ool'Tmvs Conventional Codcnd (C) Square Mesh Cod end (S)
Target shrimps Total by-catch species Target shrimps Total by-catch species
I 101.1 7,48 95.8 4.66
2 12X 5.92 131.1 4.99
3 8).~ 7.00 69 4.59
4 91.8 6.81) 106.5 3.94
5 207.2 12.12 187 6.98
6 121 8.2 115.6 5.05
7 96.3 6.89 121.9 4.85
8 265 10.31 201.6 4.91
9 310.8 9.25 280.1 5.13
10 279 9.89 280.9 5.13
11 1%.5 8.17 201 3.81
12 322 10.15 301.9 5.04
13 222.8 8.77 210 6.74
14 315 11.19 31] .9 5.53
15 3308 10.74 319.1 5.51
16 299.5 12.22 305 6.79
17 321 10.66 303.4 8.35
18 258.2 10.53 291 4.98
19 163 7 198 4.9
20 311.9 10.72 270.5 4.2
21 105 8.62 86.5 6.46
22 98.9 10.98 91.9 5.43
23 211.7 10.98 198.1 6.34
24 190 11.64 210 6.2
25 225.4 10.27 221.1 6.09
26 78.4 7.71 99.3 5.74
27 185.1 11.34 160.2 7.8
28 63 8.17 78.1 6.66
29 98.1 7.08 85 5.47
30 155.7 10.34 139.1 7.27
Total 5838.2 279.39 5670.6 169.49
Mean 194.606 9.313 189.02Y.YY 5.649X. XX
Standard error 16.35 0.35 15.4 0.204
% Retention 100 100 97.1 60.65
of the target shrimp. Nematopaleamon hastatus (P< 0.05; 0.01, table 1). Eleven out of 22
commercially important by-catch species that were caught in sufficiem quantities showed high
percentage weight reduction tP< 0.05) 111 square mesh codend (table 2). Small sized fishes with total
length range of' 4 to 10em were mostly excluded by the square mesh codend. while large tish
specimens with a total length range of II 10 30cm that could not pass through the square mesh bars of
22111111were highly retained by square mesh codend (fig.2). The moderate percentage weight
reduction of small sizes of' abundance and commercially important by-catch species such as; Ilisha
africanu (39.09%. l-test, P< 0.05:0.01). Trichiurus lepturus (25.04%. p-c 0,05; 0.01), Pseudotolithus
elongatus (43.96%, p-c 0.05:0.01), P. t)'PIlS (36.29%, P < 0.05;0.01), P. senegalensis (49.03%, P<
0.05; 0.01), Pentanemus qllillquarills_(41.02%, p< 0.05;0.01), Galeoides decaductylus (48.80%, P <
0.05;0.01) Chloroscombrus chrysurus (55.29%, P<O.05; 0.01) and Lutjanus dentatus (48.98%, P <
0.05; 0.01, table 2) makes fishers to voluntary endorsed the use of square mesh BRD tor continuation
of by-catch livehhood trades.
TABLE 1: Weight (kg) of target shri rnps and total by-catch species from 30 replicate tows, each from
conventional cod em] (C') and square mesh codend (S) that was used in t-test comparison (S versus C;
N - 30: XP< 0.05, xxr- 0.01; yP > 0.05; YYl' > 0.01
Statistical
Inference
Species Family C S % reduction in S xp< Op5
xp < 0.01
yyp > 0.05
yyp > 0.01
Ilisha Africana Clupeidae 21.62 13.17 39.29 x.xx
Sardinella aurita Clupeidae 2.12 1.69 20.29 y,YY
Trichiurus lepturus Trichiuuridae 1.69 20.29 25.04 x.xx
Pseudotolithus elongatus Scieaenidae 14.83 8.31 43.96 x.xx
Pseudotolithus typus Scieaenidae 22.82 11.63 49.03 x.xx
Pseudotolithus typus Scieaenidae 26.51 16.g9 36.29 x.xx
Epinephelus aenus Serranidae 6.55 2.33 64.42 y.yy
Cynoglossus senegalensis Cynoglossidae 14.14 16.89 19.44 y,yy
Drepane africana Drepanidae 5.61 3.19 43.13 x,XX
Pentanemus qunquarius Polynemidae 17.37 10.22 41.02 x.xx
Galeoides decadactylus Pulynemidae 26.37 13.5 48.80 x.xx
Sepia elegans Sepiidae 3.86 3.75 7.51 y,yy
Callinectes amnicola Portunidac 13.86 12.8 7.64 y
Selene dorsalis Carangidae 5.49 3.59 34.60 x,XX
Chloroscombrus chrysurus Carangidae 14.92 6.67 55.29 x.xx
Lutjanus dentatus Lutjanidae 16.8 8.57 48.98 X,X-X
Lagocephalus laerigatus Tetradontidae 4.4 3.46 21.36 Y.'fY
Dasyatis margarita Dasyatidae 5.58 3.64 34.76 y.yy
Carcharhinus brachyrus Carcharhinidae 5.84 2.48 57.53 y.yy
Myrichthys pardalis Ophichthyidae 1.96 1.51 22.95 y,yy
Pomadasys jubelini Pomadasyidae 6.93 3.93 43.29 y,yy
Rhinobatus rhinobatus Rhinobatidac 2.72 1.7 37.5 y,yy
Reduction in the number of commercially important by-catch families were significances in eight out
of 13 families analysed, e.g.; Clupeidae (T-test, P < 0.05;0.01), Trichiuridae (P<0.05;0.01),
Sciaenidae (p<0.05;0.0 1) Serranidae (p<O.05;0.0 1), Drepanidae (P<o.05;0.0 I), Polynemidae (P<
0.05;0.01), Portunidae- (p<0.05), Lutjanidae (P<O.05) and Carangidae (P< 0.05; 0.01, table 3). In
contrast the number of flattened fish species reduced in square mesh codend were not statistically
significant, e.g.; Cacharhinus brachyrus (P>0.05; 0.01) and Cynoglossus senegalensis (P > 0.05:
0.01). In the same way. Spinous fish like Arius latiscutatus. and shell fish with morphometric body
projections like Callinectes amnicola_showed poor escape rate from square mesh codcnd (P>0.05;0.
01, table 3). Except Callinectes amnicola, the mean catch (kg) of 13 commercially important by-catch
species in square mesh codend were significantly lower (f-test, P< 0.05; 0.01) than 10 conventional
codend and likewise total by-catch (P < 0.05; 0.;)1). while target shrimps were not significant (P>
0.05; 0.01, Fig 3)
Table 2: Weights (kg) of commercially important by-catch species from 30 replicate tows (N) from
conventional eodend (C) and Square mesh codend (S) used to t-test companson (S versus C).
il
This study illustrated the effectiveness of a strategically located panel of square mesh m codends for
reducing catches of juvenile fishes (Broadhurst and Kennelly, 1997 and Briggs, 19992) and quantified
lor the first time in commercial artisanal palaemonid shrimp trawls the utility of panels of square
mesh for improving the size =sclcctivity of the targeted shrimps. The high reduction of 39.35% of by-
catch species and insignificant reduction of 2.9% or target shrimps (table 1) is attributed to the
differences in ethology of fish and shrimps in their response to stimuli. Fishes were apparently herded
together at the taper of the codend, involving an escape response to the sides and top of the net. The
location of square mesh panel at anterior codend makes fishes to escape freely due to their behavior to
towed gear. A review that summarizes the minimum swimming performance of over 40 species of
fish showed that regardless of environmental and biological factors, most individuals 5 to lScm long
could not maintain their normal cruising for longer than 10 minutes (Beamish, 1978). Most of by-
catch species encountered in the fishery fall within this total length ranges (Ambrose, et al., 2005).
Based on such constraints, it was apparent that to provide an opportunity for fish to escape during
towing and haul back delay, the square mesh panel was positioned in an area of the trawl where there
IS a substantial reduction in relative water now, this was immediately anterior to the cod end
(Broadhurst and Kennelly, 1997; Broadhust, ei al., \999) and at location 75% hunt length from
codend up (Watson, lygy). The response of shnmps to these stimuli appeared fairly hmited, Other
studies have confirmed that shrimps are not capable of maintaining active escape responses to the
trawl (Lochhead, 1961; Newland and Chapman, 1989). Shrimps are quickly forced against the meshes
and towards the back of the codcnd where they remain passive throughout the entire towing period.
The codcnd was modified to take advantage of the di ffcrcnce in shrimps and fish behavior by
inserting square mesh panel on the top of the anterior codend section only, so that only small sized
fishes might CSCClpc.;without a significant reduction in the catch of shrimps (P > 0.05; 0.01, table 1) or
of larger connncrcially important by-catch species (Fig 2).
Species Family Common name S versus conventional
Paired t-
Value(0.05} P level N
Ilisha Africana Clupeidae African shad 7.7147 x.xx 30
Trichiurus lepturus Trichiuridae Silver fish 5.188 x.xx 30
Pseudotolithus elongatus Sciaenidae Short croaker 4.6!HD x.xx 30
Pseudotolithus senegalensis Sciaenidae Normal croaker 4.1158 x.xx 30
Pseudotolithus typus Sciaenidae Long neck croaker 4.0012 x.xx 30
Epinephelus aenus Serranidac Grouper 2.02106 x,XX 30
Cynoglossus senegalensis Cynoglossidae Soie 1ish 0.5221 y,yy 30
Drepane africana Drepanidae Spade fish 5.7956 x.xx 30
Pentanemus quinquarius Polynemidae Royal thread fish 4.0664 x.xx 30
Galeoides decadactylus Polynemidae Shiny nose 2.6411 x.xx 30
Callinectes amnicola Portunidae Blue crab 2.2753 y 30
Arius latiscutatus Arridae Cat fish 1.3060 y,YY 30
Chloroscombrus chrysurus Carangidae Caranx 7.6260 x.xx 30
Lutjanus dentatus Lutjanidae Red snapper 1.6247 x 30
Pomadasys jubelint Pomadasyidae Grunter 0.4240 y,yy 30
Carcharhinus brachyrus Carcharhinidae Shark 1.3060 y,yy 30
DISCUSSION
Table 3: Summaries of one - tailed paired t- tests comparing the number of cornmercaily important by
catch species from square mesh codend and conventional codcnd.
S = square mesh codend; N = number of replicate; xxp < 0.01; xp < O.OS;yyp> 0.01;yp >0.05.
The square mesh codcnd was most effective 111 excluding large quantities of by-catch species
thal arc relatively fusirorm and of a SIze small enough to pass through the square mesh (table 2,
Fig.Z). The reduction In total by-catch with the square mesh codend provides a posxihle explanation
for the high retention of 97.1% of target shrimps (table 1). The size range of mdrvidual organism ill
the catch has implications for year-to-year and total Yield from the resources (Beckett, 1989). The
quantity, 39.35% and size range of fish by-catch species, 4 to 10cm TL (table 1, fig. 2) excluded as at
biologically sustainable level to allow for future recruitment of the juvenile into the stock and fishery.
Tn the same way. the quantity 60.65% and size range, 11 to 30cm TL (table 1. lig.2) retained is not
likely to Impinge too much on the by-catch livelihood trades or fishers, such that the fishery become
economically unviable. From these results, square mesh by-catch reduction device achieved the above
cconorruc and biological objectives of the present by-catch reduction research work.
In terms of promoting a large voluntary adoption ofBRD's like square mesh panel described
In the present paper, It ISuseful to provide fishers not only with evidence of target shrimps catch rates
surular to those obtained with conventional gear and by-catch retention for livehhood trades
continuation, but also with evidence of additional benefits, such as a potential for increasing duration
of tows, improving quality or catches (due to less damage from by-catch in the codend), increasing
savings in lahour and fuel, reducing sorting times and reducing conflicts with other user b'TOUPS (c.g.
commercial otter trawl and gill nets fishermen targeting stocks of by-catch stock). The realization of
these incentives, along with results from the present study have resulted 111 many commercial
fishermen showing interest In the use of square mesh BRD throughout the entire artisanal shrimp
trawl fisheries inNigcna.
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Fig. 1: Diaqrammatic representation of; (A) Square
mesh panel located dl anterior codend;
(6) soeottcenons of square mesh panel
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Fig, 2: Size frequency distribution of important commercially by catch species caught by conventional
and square mesh codends
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